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$OEXUQLWH LGHDOO\$J8GeTe264ZDV GLVFRYHUHG LQ WKH&kUQLFHO YHLQ IURP WKH5RúLD0RQWDQD
HSLWKHUPDO$X$JRUHGHSRVLW$SXVHQL0RXQWDLQV5RPDQLD7KHQHZPLQHUDO LVDVVRFLDWHGZLWK
WHWUDKHGULWHJDOHQDS\ULWH VSKDOHULWH FKDOFRS\ULWH DQG WHOOXULGHV KHVVLWH DOWDLWH DQG V\OYDQLWH
$VVRFLDWHGJDQJXHPLQHUDOVDUHUKRGRFKURVLWHTXDUW]FDOFLWHDQGUKRGRQLWH$OEXUQLWHZDVREVHUYHG
RQO\DWWKHPLFURVFRSLFVFDOHDVURXQGHGWRVXEURXQGHGJUDLQVYHLQOHWVRULUUHJXODULQFOXVLRQVKRVWHG
PDLQO\E\WHWUDKHGULWHKHVVLWHDQGUKRGRFKURVLWH'XHWRWKHVPDOOVL]HRIDOEXUQLWHJUDLQVREVHUYHG
VRIDULWZDVQRWSRVVLEOHWRGHWHUPLQHVRPHPDFURVFRSLFSURSHUWLHVUHSRUWHGSURSHUWLHVDUHEDVHGRQ
PLFURVFRSLFREVHUYDWLRQV7KHPLQHUDOKDVDPHWDOOLFOXVWHUDQGLVRSDTXH,WLVQRQIOXRUHVFHQWDQG
KDVDQHVWLPDWHG0RKVKDUGQHVVRI7KHPLQHUDOVKRZVQRFOHDYDJH'HQVLW\FRXOGQRWEHPHDVXUHG
EHFDXVHRIWKHVPDOOJUDLQVL]HEXWFDOFXODWHGGHQVLW\EDVHGRQWKHHPSLULFDOIRUPXODLVJFP3.
,QSODQHSRODUL]HGOLJKWLQDLUDOEXUQLWHLVJUD\EOXHZLWKDEOXLVKWLQW,WVKRZVQRSOHRFKURLVPRU
ELUHIOHFWDQFHLQDLU%HWZHHQFURVVHGSRODUVDOEXUQLWHLVLVRWURSLFDQGLQWHUQDOUHIOHFWLRQVKDYHQRW
EHHQREVHUYHGLQDLU7KHPLQHUDOGHFRPSRVHVLQLQWHQVHOLJKW5HIOHFWDQFHPLQLPXPYDOXHVLQDLU
LQSHUFHQWVDUHQPQPQPQP7KHDYHUDJHFKHPLFDO
FRPSRVLWLRQEDVHGRQHOHFWURQPLFURSUREHDQDO\VHVIURPGLIIHUHQWJUDLQVLQRQHSROLVKHGVHF-
WLRQLVLQZW$J*H7H6WRWDO7KHLGHDOIRUPXODRIDOEXUQLWH
$J8GeTe264EDVHGRQDSIXUHTXLUHV$J*H7H6WRWDOZW)HDWXUHV
RIWKHFU\VWDOVWUXFWXUHRIDOEXUQLWHZHUHGHWHUPLQHGEDVHGRQHOHFWURQEDFNVFDWWHUHGGLIIUDFWLRQDQG
WUDQVPLVVLRQHOHFWURQPLFURVFRS\$OEXUQLWHLVFXELFVSDFHJURXSF43mZLWKXQLWFHOOSDUDPHWHUVa
 cV 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c3, Z 7KHVWURQJHVWHLJKWFDOFXODWHG;5'OLQHV>dLQcIhkl@DUH
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DQG7KHQDPHRIWKHQHZPLQHUDODOEXUQLWHLVGHULYHGIURPWKH/DWLQ
QDPHRIWKHORFDOLW\5RúLD0RQWDQD$X$JGHSRVLWZDVNQRZQGXULQJWKH5RPDQSHULRGDVAlburnus
Maior7KHPLQHUDODQGWKHPLQHUDOQDPHKDYHEHHQDSSURYHGE\WKH&RPPLVVLRQRQ1HZ0LQHUDOV
1RPHQFODWXUHDQG&ODVVLILFDWLRQ,0$
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,1752'8&7,21
7KH5RúLD0RQWDQDGHSRVLWKDVDORQJKLVWRU\RIPLQLQJWKDW
VWDUWHGDWOHDVWLQ5RPDQWLPHV7KHGHSRVLWZDVNQRZQGXULQJ
WKH5RPDQSHULRG±$'DVAlburnus Maior3RãHSQê
6vQWLPEUHDQDQGNLORPHWHUVRI5RPDQZRUNLQJV
DUHVWLOOSUHVHUYHG%HQHDDQG7ăPDú&DXXHWDQG7ăPDú
5HFHQWGDWD7ăPDúHWDO%DURQHWDOLQ-
GLFDWHWKDWVHYHUDO$X$JRUHERGLHVH[SORLWHGE\WKH5RPDQ
miners in Alburnus MaiorKDG7HDQG*HWUDFHV7KHQDPHRI
WKHPLQHUDOLVWKXVGHULYHGIURPWKH/DWLQQDPHRIWKHORFDOLW\
7KHILUVWPHQWLRQRIDUJ\URGLWHIURP5RúLD0RQWDQDEDVHGRQ
6(0DQDO\VLVZDVPDGHE\7ăPDúZKRVWXGLHGDQRUH
ERG\H[SORLWHGE\WKH5RPDQPLQHUVLQ&kUQLFPDVVLI5RúLD
0RQWDQDZKLOHWKHILUVWUHSRUWRID7HDQG*HEHDULQJPLQHUDO
LQGLFDWHGE\(30$ZDVPDGHVLPXOWDQHRXVO\E\7ăPDúHWDO
&LREDQX HW DO  DQG%DLOO\ HW DO ZKR
interpreted it as Te-bearing argyrodite.
7KHQHZPLQHUDOZDVREVHUYHGVRIDURQO\DWWKHPLFURVFRSLF
VFDOH7KHELJJHVWDOEXUQLWHFU\VWDOLVFORVHWRPPLQVL]H
EXWXVXDOO\JUDLQVDUHVPDOOHUDQGUDQJHEHWZHHQDQGPP
7KHVPDOOJUDLQVL]HLVWKHPDLQUHDVRQIRUVRPHOLPLWDWLRQVRI
WKHPLQHUDOGHVFULSWLRQLHVLQJOHFU\VWDOVWXG\PDFURVFRSLF
SK\VLFDOSURSHUWLHVHWF
7KH SUHVHQFH RI*HEHDULQJPLQHUDOV LQ5RúLD0RQWDQD
ZDVSRVWXODWHGVRPHWLPHDJR$QGURQHVFXVWXGLHGWKH
IORWDWLRQFRQFHQWUDWHV IURP5RúLD0RQWDQDDQG LGHQWLILHG*H
HQULFKPHQW LQ S\ULWHULFK FRQFHQWUDWHVZLWK ORZJROG JUDGHV
EXWZDVQRWDEOHWRLGHQWLI\WKH*HEHDULQJPLQHUDO6LQFHWKH(PDLOFDOLQJWDPDV#\DKRRIU
1
Published in $PHULFDQ0LQHUDORJLVW±
which should be cited to refer to this work.
ht
tp
://
do
c.
re
ro
.c
h
ILUVW HOHFWURQPLFURVFRSH HYLGHQFHRI D SRVVLEO\ QHZ7H DQG
*HEHDULQJPLQHUDOGDWLQJEDFNWR$XWXPQWKLVPLQHUDO
ZDV REVHUYHG LQPDQ\ VDPSOHV IURP WKH5RúLD0RQWDQDRUH
GHSRVLWPRVWO\IURP$JULFKRUHERGLHVYHLQVDQGEUHFFLDV
VRPHRI WKHPPLQHGGXULQJ5RPDQ WLPHVDQG VRPHRI WKHP
PLQHGRQO\UHFHQWO\7KHDERYHREVHUYDWLRQVLQGLFDWHWKDWWKH
QHZPLQHUDOLQVSLWHRILWVVPDOOJUDLQVL]HRFFXUVDWWKHRUH
GHSRVLWVFDOH/$,&306DQDO\VHVFDUULHGRXWRQVSKDOHULWHLQ
DOEXUQLWHEHDULQJYHLQVIURP5RúLD0RQWDQD&RRNHWDO
LQGLFDWHDQDYHUDJHRISSP*HDVZHOODVSSP*DDQG
PRUHWKDQZW0QFRQILUPLQJWKH*HULFKFKDUDFWHURIDW
OHDVWVRPHSDUWVRIWKH5RúLD0RQWDQDGHSRVLW
The mineral and the mineral name have been approved by the 
&RPPLVVLRQRQ1HZ0LQHUDOV1RPHQFODWXUHDQG&ODVVLILFDWLRQ
&101&,0$7KHPDWHULDOXVHGIRUWKHGHVFULSWLRQ
RIWKHQHZPLQHUDOZDVFXWLQVHYHUDOVOLFHVDQGQLQHSROLVKHG
VHFWLRQV$OEXUQLWHZDVREVHUYHGLQVL[RIWKHVHSROLVKHGVHFWLRQV
&RW\SHPDWHULDOFRQVLVWVRIWKUHHRUHIUDJPHQWVLQWZR
IUDJPHQWVDQGDQGILYHSROLVKHGVHFWLRQV%&
DEDQGF5HIOHFWDQFHPHDVXUHPHQWVZHUHPDGH
RQDEXWDOEXUQLWHJUDLQVH[LVWRQWKHRWKHUVHFWLRQVDVZHOO
0LFURSUREHGDWDZHUHJDWKHUHGIURPWKHVHFWLRQ&ZKLOH
FU\VWDOORJUDSKLFGDWD6(0DQG7(0ZHUHREWDLQHGIRUERWK
&DQGD VHFWLRQV$OEXUQLWHJUDLQVZHUH UHFRJQL]HG
RSWLFDOO\LQDOOSROLVKHGVHFWLRQVVHOHFWHGDVWKHFRW\SHV%
&DEDQGF7KHVHVHFWLRQVZHUHPDGH
IURPWKHWKUHHUHPDLQLQJRUHIUDJPHQWVDQG
7KH WKUHHRUH IUDJPHQWV WZRRI VDPSOH DQGRQHRI
VDPSOHDQGIRXUSROLVKHGVHFWLRQV%&D
DQGFDUHGHSRVLWHGLQWKHV\VWHPDWLFFROOHFWLRQRIWKH0LQ-
HUDORJLFDO0XVHXP'HSDUWPHQWRI*HRORJ\)DFXOW\RI%LRORJ\
DQG*HRORJ\%DEHú%RO\DL8QLYHUVLW\&OXM1DSRFD5RPDQLD
6DPSOH DQG WKH UHODWHGSROLVKHG VHFWLRQV DUH UHJLVWHUHG
XQGHULQYHQWRU\QXPEHUDDQGVDPSOHXQGHULQYHQWRU\
QXPEHUD7KHSROLVKHGVHFWLRQELVKRVWHGE\=HQWUDOH
(OHNWURQHQ0LNURVRQGH,QVWLWXWHRI*HRORJ\0LQHUDORJ\DQG
*HRSK\VLFV5XKU8QLYHUVLW\%RFKXP*HUPDQ\
2&&855(1&(
7KHQHZPLQHUDORFFXUVLQWKH5RúLD0RQWDQDHSLWKHUPDORUH
GHSRVLW$SXVHQL0RXQWDLQV5RPDQLD)LJ5RúLD0RQWDQD
UHSUHVHQWV(XURSH¶VODUJHVWJROGGHSRVLW0DQVNHHWDO
ZLWKUHVRXUFHVH[FHHGLQJ0WRIRUHDWDQDYHUDJHJUDGHRI
JW$X7KHGHSRVLWLVORFDWHGLQWKHFHQWUDOHDVWHUQSDUWRI
$SXVHQL0RXQWDLQV 5RPDQLDZLWKLQ WKH VRFDOOHG*ROGHQ
4XDGULODWHUDO*KLĠXOHVFXDQG6RFROHVFXDQDUHDKRVWLQJ
DODUJHQXPEHURISUHFLRXVPHWDOVRUHGHSRVLWV$QRYHUYLHZRI
WKH1HRJHQHWHFWRQLFVHWWLQJRULJLQRIWKHPDJPDWLFYROFDQLF
DFWLYLW\ DQG UHODWHG SRUSK\U\ FRSSHU DQG HSLWKHUPDO$X$J
GHSRVLWVIURPWKH$SXVHQL0RXQWDLQVZDVPDGHE\1HXEDXHU
HWDODQG5RúXHWDO
5RúLD0RQWDQDLVDORZWRLQWHUPHGLDWHVXOILGDWLRQ$X$J
GHSRVLW0kU]DHWDO7ăPDúDQG%DLOO\/HDU\
HWDO7ăPDúHWDOUHODWHGWRt0DGDFLWH
LQWUXVLRQV5RúXHWDO7KH&UHWDFHRXVEDVHPHQWVKDOHV
VDQGVWRQHV DQGPLFURFRQJORPHUDWHV LVSDUWO\RYHUODLQE\D
YHQWEUHFFLDLQWHUEHGHGZLWK1HRJHQHVHGLPHQWDU\URFNVFOD\V
PDUOV VDQGVWRQHV OLPHVWRQHV DQGJ\SVXP/DYD IORZV DQG
YROFDQLFODVWLFVRIDQGHVLWLFFRPSRVLWLRQGDWHGDWt0D
5RúXHWDOFRYHUWKHQRUWKHUQDQGHDVWHUQSDUWRI5RúLD
0RQWDQDDUHD)LJ0LQHUDOL]HGDQGEDUUHQSKUHDWRPDJPDWLF
EUHFFLDVWUXFWXUHVDVZHOODVK\GURWKHUPDOEUHFFLDVDUHZLGH-
VSUHDGDWRUHGHSRVLWVFDOH7ăPDú
$OEXUQLWHZDVGLVFRYHUHGLQWKH&kUQLFHOYHLQDQLQWHUPHGLDWH
VXOILGDWLRQVWUXFWXUHORFDWHGLQWKHVRXWKHUQSDUWRI&kUQLFPDV-
VLIDW5RúLD0RQWDQD7KHYHLQLVDFFHVVLEOHRQO\XQGHUJURXQG
),*85( 1.a*HQHUDOPDSRIWKH&DUSDWKLDQVDQGWKH$SXVHQL0RXQWDLQVbORFDWLRQRI5RúLD0RQWDQDRUHGHSRVLWLQWKH$SXVHQL0RXQWDLQV
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ZKHUHLWFURSVRXWLQWKHVRFDOOHG9HUFKHúOHYHORUPLQLQJ
OHYHO7KH&kUQLFHOYHLQLVKRVWHGLQGDFLWLFYHQWEUHFFLDV7KH
YHLQ LVRULHQWHGDOPRVW16DQGGLSV WR WKHZHVW c70s7KH
YHLQLVH[SRVHGRYHUPDQGKDVDQDYHUDJHZLGWKRIDERXW
FP,WKDVDEDQGHGWH[WXUHZLWKRUHULFKOD\HUVPL[HGZLWK
FDUERQDWHGRPLQDWHGJDQJXHOD\HUV
7KHRUHPLQHUDODVVHPEODJHFRQWDLQLQJWKHQHZPLQHUDOLV
GRPLQDWHGE\WHWUDKHGULWHDVVRFLDWHGZLWKRWKHUVXOILGHVJDOHQD
S\ULWH VSKDOHULWH DQG UDUHO\ FKDOFRS\ULWH DQG WHOOXULGHV
PDLQO\KHVVLWHEXWDOVRDOWDLWHDQGV\OYDQLWH$VVRFLDWHGJDQJXH
PLQHUDOVDUHUKRGRFKURVLWHTXDUW]FDOFLWHDQGUKRGRQLWH7DN-
LQJ LQWRDFFRXQW UHIOHFWHG OLJKWPLFURVFRSLFREVHUYDWLRQV WKH
SDUDJHQHWLF VHTXHQFH RI FRPPRQ VXOILGHV KRVWLQJ$J7H*H
PLQHUDOVIURP&kUQLFHOYHLQLVVKRZQLQ)LJXUH
$33($5$1&($1'3+<6,&$/3523(57,(6
7RGDWHDOEXUQLWHKDVEHHQREVHUYHGRQO\XQGHUWKHPLFUR-
VFRSH)LJ,WRFFXUVDVURXQGHGWRVXEURXQGHGJUDLQV)LJV
DDQGEYHLQOHWV)LJVFGDQGORULUUHJXODULQFOXVLRQV
)LJVDHDQGMUHDFKLQJDPD[LPXPVL]HRIRm, hosted 
XVXDOO\ LQ WHWUDKHGULWH DVZHOO DV LQ KHVVLWH RU ORFDWHG DW WKH
FRQWDFWEHWZHHQWKHVHWZRPLQHUDOV,WZDVDOVRREVHUYHGZLWKLQ
JDOHQDRUEHWZHHQJDOHQDDQGWHWUDKHGULWH)LJD/DUJHDOEXU-
QLWHJUDLQVDUHKRVWHGLQODWHUKRGRFKURVLWHYHLQOHWVWKDWFURVVFXW
WKH WHWUDKHGULWHPDVVHV )LJ I7ZRSKDVH LQFOXVLRQV HJ
KHVVLWHDOEXUQLWHDQGJDOHQDDOEXUQLWHDUHPRUHIUHTXHQWWKDQ
),*85( 2.6LPSOL¿HGJHRORJ\RI5RúLD0RQWDQDDUHDFRXUWHV\RI5RúLD0RQWDQD*ROG&RUSRUDWLRQZLWKFKDQJHV
),*85( 3.3DUDJHQHWLFVHTXHQFHRI&kUQLFHOYHLQ5RúLD0RQWDQD
VKRZLQJWKHPDLQVSHFLHVSUHVHQWLQDOEXUQLWHEHDULQJPLQHUDOL]DWLRQ
$EEUHYLDWLRQV$OE DOEXUQLWH&FS FKDOFRS\ULWH(O HOHFWUXP*Q
 JDOHQD+HV KHVVLWH4] TXDUW]6S VSKDOHULWH7WU WHWUDKHGULWH
5GV UKRGRFKURVLWH
PRQRSKDVLFLQFOXVLRQVZLWKDOEXUQLWHDORQH)LJJ$OEXUQLWH
UKRGRFKURVLWHDVVHPEODJHVRFFXUZLWKLQIRUPHUYXJV)LJVL
DQGM$OEXUQLWH DOVR IRUPV LQWHUPLQJOHG DVVHPEODJHVZLWK
KHVVLWH)LJHRUKHVVLWHUKRGRFKURVLWH)LJK7KHPRVW
FRPSOH[PLQHUDO DVVRFLDWLRQZLWK DOEXUQLWH DUH DVVHPEODJHV
ZLWKKHVVLWHFKDOFRS\ULWHDQGJDOHQDZLWKRUZLWKRXWVSKDOHULWH
KRVWHGE\ WHWUDKHGULWH )LJV E DQGK+HVVLWH JUDLQVZLWK
PLFURPHWHUVL]H DOEXUQLWH LQFOXVLRQVPD\KRVW HOHFWUXP )LJ
3
ht
tp
://
do
c.
re
ro
.c
h
N(OHFWUXPZDVDOVRREVHUYHGDVLQFOXVLRQVLQDOEXUQLWHDQG
DORQJWKHFRQWDFWRIDOEXUQLWHZLWKLWVWHWUDKHGULWHKRVW)LJO
'XHWRWKHVPDOOVL]HRIDOEXUQLWHJUDLQVREVHUYHGVRIDU
RPLWZDVQRWSRVVLEOHWRGHWHUPLQHWKHPDFURVFRSLFSURSHUWLHV
RIWKHQHZPLQHUDO+RZHYHUVRPHSURSHUWLHVDUHUHSRUWHGEDVHG
RQPLFURVFRSLFREVHUYDWLRQV7KHPLQHUDOKDVDPHWDOOLFOXVWHU
DQGLWLVRSDTXH,WLVQRQIOXRUHVFHQWDQGKDVDQHVWLPDWHG0RKV
KDUGQHVVRI7KHPLQHUDOVKRZVQRFOHDYDJH'HQVLW\FRXOG
QRWEHPHDVXUHGEHFDXVHRIWKHVPDOOJUDLQVL]HEXWFDOFXODWHG
GHQVLW\EDVHGRQWKHHPSLULFDOIRUPXODLVJFP3.
),*85( 4.2SWLFDOPLFURVFRSHLPDJHVSODQHSRODUL]HGOLJKWa5RXQGHGDQGLUUHJXODUDOEXUQLWHLQFOXVLRQVLQJDOHQDKRVWHGE\WHWUDKHGULWH
DQGDWWKHFRQWDFWEHWZHHQJDOHQDDQGWHWUDKHGULWHVRPHWLPHVDVVRFLDWHGZLWKKHVVLWHVDPSOH&bDOEXUQLWHKHVVLWHFKDOFRS\ULWHJDOHQD
LQFOXVLRQUHODWHGWRVSKDOHULWHKRVWHGLQWHWUDKHGULWHVDPSOH&cLUUHJXODUDOEXUQLWHJUDLQVDQGYHLQOHWVZLWKKHVVLWHJDOHQDDQGFKDOFRS\ULWH
ZLWKLQWHWUDKHGULWHVDPSOH%dDOEXUQLWHKHVVLWHDQGFKDOFRS\ULWHGHSRVLWHGLQYXJVSUHVHQWO\¿OOHGZLWKUKRGRFKURVLWHDQGDVYHLQVLQ
WHWUDKHGULWHVDPSOH$eLUUHJXODULQFOXVLRQRIDOEXUQLWHLQKHVVLWHDVVRFLDWHGZLWKFKDOFRS\ULWHKRVWHGLQWHWUDKHGULWHVDPSOH%f
DOEXUQLWHDWWDFKHGWRWHWUDKHGULWHLQDUKRGRFKURVLWHYHLQFURVVFXWWLQJWHWUDKHGULWHVDPSOH$gJDOHQDDOEXUQLWHLQFOXVLRQLQWHWUDKHGULWH
VDPSOH&hPL[HGDOEXUQLWHKHVVLWHUKRGRFKURVLWHLQFOXVLRQVLQWHWUDKHGULWHDQGDOEXUQLWHFKDOFRS\ULWHVSKDOHULWHLQDYRLG¿OOHGZLWK
UKRGRFKURVLWHLQWHWUDKHGULWHLQFOXVLRQVRIKHVVLWHDOEXUQLWHtFKDOFRS\ULWHZLWKLQWHWUDKHGULWHVDPSOH(iDOEXUQLWHUKRGRFKURVLWHDVVRFLDWHG
ZLWKJDOHQDKHVVLWHVSKDOHULWHDQGFKDOFRS\ULWHLQWHWUDKHGULWHVDPSOH%jGHWDLORIikKHVVLWHDOEXUQLWHLQFOXVLRQZLWKDVVRFLDWHGHOHFWUXP
LQDYXJDWWKHFRQWDFWRIWHWUDKHGULWHVSKDOHULWHVDPSOH&lDQDOEXUQLWHEOHEKRVWLQJHOHFWUXPDOEXUQLWHLVDVVRFLDWHGZLWKKHVVLWHDQG
FKDOFRS\ULWHDQGRFFXUVLQWKHVDPHPLQHUDODVVRFLDWLRQDOVRDVYHLQOHWVLQWHWUDKHGULWHWKHJUD\VSRWVRQDOEXUQLWHIRUPHGZLWKLQDIHZPLQXWHVLQ
LQWHQVHOLJKWVDPSOH$$EEUHYLDWLRQV$OE DOEXUQLWH&FS FKDOFRS\ULWH(O HOHFWUXP*Q JDOHQD+HV KHVVLWH6S VSKDOHULWH7WU
 WHWUDKHGULWH5GV UKRGRFKURVLWH7KHVFDOHEDULVRm for gRm for a,b,c,d,f,h,i,lDQGRm for e,j,k.
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237,&$/3523(57,(6
,Q SROLVKHG VHFWLRQV LOOXPLQDWHG E\ SODQHSRODUL]HG OLJKW
DOEXUQLWH LVJUD\ZLWKDEOXLVK WLQW )LJKDYLQJ ORZHU UH-
IOHFWDQFH WKDQ WHWUDKHGULWH WKHPDLQKRVWPLQHUDO7HEHDULQJ
FDQILHOGLWH$J86Q67HILUVWPHQWLRQHGE\+DUULVDQG2ZHQV
KDVWKHVDPHEOXLVKWLQWLQSODQHSRODUL]HGOLJKWLQDLU
6RHGD HW DO :LPPHUV%\ FRPSDULVRQ7HIUHH
DUJ\URGLWHDQGFDQILHOGLWHKDYHDSLQNLVKEURZQWRYLROHWWLQWLQ
UHIOHFWHGOLJKW8\WHQERJDDUGWDQG%XUNH$OEXUQLWHVKRZV
QHLWKHUSOHRFKURLVPQRUELUHIOHFWDQFHLQDLU%HWZHHQFURVVHG
SRODUVDOEXUQLWHLVLVRWURSLF,QWHUQDOUHIOHFWLRQVKDYHQRWEHHQ
REVHUYHGLQDLU7KHPLQHUDOGHFRPSRVHVLQLQWHQVHOLJKW)LJO
5HIOHFWDQFHPHDVXUHPHQWVZHUH FDUULHG RXW LQ DLU XVLQJ
D+DPDPDWVX&&$ VSHFWURPHWHU DWWDFKHG WR D/HLW]
2UWKRSODQPLFURVFRSH7KHGHYLFHZDVFDOLEUDWHGZLWKD=HLVV
6L& UHIOHFWDQFH VWDQGDUG 1R $îREMHFWLYHZLWK DQ
HIIHFWLYHQXPHULFDODSHUWXUHRIZDVXVHG7KHGLDPHWHURI
WKHPHDVXUHGDUHDZDVDERXWRP7KHRULJLQDOVSHFWUXPZDV
UHFRUGHGDWGLIIHUHQWZDYHOHQJWKV5HIOHFWDQFHPLQLPXP
YDOXHVDQGDVHOHFWLRQRIYDOXHVEHWZHHQDQGQPLQ
VWHSVRIQPWRJHWKHUZLWKWKRVHIRUDUJ\URGLWHFDQILHOGLWH
DQGSXW]LWH&ULGGOHDQG6WDQOH\3DDUHWDO
are given in Table 1.
7KHQHZPLQHUDO VKRZVV\VWHPDWLFDOO\JUHDWHU UHIOHFWDQFH
WKDQDUJ\URGLWHDQGFDQILHOGLWHc$VFRPSDUHGZLWKSXW]LWH
DOEXUQLWHKDVDORZHUUHIOHFWDQFHEHWZHHQDQGQPDQG
LVPRUHUHIOHFWLYHDWZDYHOHQJWKVJUHDWHUWKDQQP)LJ
&+(0,&$/'$7$
&KHPLFDODQDO\VHVIURPGLIIHUHQWJUDLQVLQRQHSROLVKHG
VHFWLRQZHUHFDUULHGRXWXVLQJD-(2/-;$HOHFWURQPL-
FURSUREH:'6PRGHN9Q$Rm beam diameter, and 
DFRXQWLQJWLPHRIV3UHOLPLQDU\('6DQDO\VLVUHYHDOHGWKH
SUHVHQFHRIRQO\IRXUHOHPHQWV$J*H7HDQG61DXPDQQLWH
$J26HS\ULWH)H62FDVVLWHULWH6Q22*HPHWDODQG7HPHWDO
ZHUHXVHGDVVWDQGDUGV6QFRQWHQWVLQDOODQDO\VHVZHUHEHORZ
GHWHFWLRQOLPLWVZW6Q:HXVHGWKHIROORZLQJOLQHVIRU
WKHDQDO\VLV6KF$JLF, GeLF6QLF, and TeLF'HWHFWLRQ
OLPLWVZWZHUHIRU$JIRU*HIRU6IRU
6QDQGIRU7H$QDO\WLFDOGDWDDUHJLYHQLQ7DEOH
7KH HPSLULFDO IRUPXOD RI DOEXUQLWH EDVHG RQ  DSIX LV
$J8.04Ge0.88Te67KHVLPSOLILHGIRUPXODLV$J8GeTe264ZKLFK
UHTXLUHV$J*H7H6WRWDOZW
&5<67$//2*5$3+<
7KHQHZPLQHUDORFFXUVRQO\DVPLFURVFRSLFJUDLQVXS WR
50 RPLQVL]H$OOGLIIUDFWLRQGDWDZHUHREWDLQHGE\HOHFWURQ
EDFNVFDWWHUGLIIUDFWLRQ(%6'DQGHOHFWURQGLIIUDFWLRQ('
$UJ\URGLWHW\SH08;&VWUXFWXUHV0 $J&X; 6L*H
6QHWF& 67H6HKDYHDFRPPRQFXELFKLJKWHPSHUDWXUH
LSKDVHVSDFHJURXSF43m$WORZHUWHPSHUDWXUHVVHYHUDORU-
GHUHGVWUXFWXUHVH[LVWVXFKDVWKHGuVWUXFWXUHZLWKRUWKRUKRPELF
V\PPHWU\LQZKLFKDUJ\URGLWHFU\VWDOOL]HVDWURRPWHPSHUDWXUH
7KHSKDVHZLWK WKH ORZHVW WUDQVIRUPDWLRQ WHPSHUDWXUH WR WKH
FXELFVWUXFWXUHLV WKHV\QWKHWLFFRPSRXQG$J8GeTe±s&
G q LZKHUHDV WKH FXELFPRGLILFDWLRQ RI DUJ\URGLWH VHQVX
VWULFWRLVRQO\VWDEOHDERYHs&*RURFKRY.DWW\HW
DO7HOOXULXPRQWKH&VLWHVHHPVWRH[WHQGWKHVWDELOLW\
field of the LSKDVHWRORZHUWHPSHUDWXUHV3XW]LWHKDVWKHFXELF
LVWUXFWXUHDWURRPWHPSHUDWXUH7KHFORVHV\QWKHWLFDQDORJRI
TABLE 1.  Reflectance data for alburnite compared with putzite (Paar 
et al. 2004), argyrodite (Criddle and Stanley 1993), and 
canfieldite (Criddle and Stanley 1986)
Q (nm) R (%) Alburnite R (%) Putzite R (%) Argyrodite R (%) Canfieldite
400 32.00 33.50 29.30 28.50
420 31.20 31.60 27.60 27.75
440 30.60 30.60 26.60 27.00
460 30.00 29.40 25.90 26.30
470 29.70 28.90 25.60 25.90
480 29.30 28.60 25.20 25.70
500 29.00 27.80 24.80 25.20
520 28.50 27.20 24.50 24.90
540 28.10 26.70 24.30 24.70
546 28.00 26.50 24.20 24.60
560 27.75 26.30 24.20 24.50
580 27.50 26.00 24.20 24.50
589 27.35 25.80 24.10 24.50
600 27.20 25.70 24.00 24.40
620 27.10 25.40 24.00 24.40
640 27.00 25.30 23.90 24.50
650 26.95 25.30 24.00 24.60
660 26.90 25.20 24.00 24.60
680 26.85 25.20 24.00 24.70
700 26.80 25.20 24.10 24.90
TABLE 2.  Analytical data (wt%) for alburnite, Cârnicel vein, Roşia 
Montana, Romania
No. Ag Ge Te S Total
1 65.32 4.91 20.68 9.35 100.26
2 65.65 5.06 19.80 9.68 100.19
3 65.36 5.09 20.22 9.59 100.26
4 66.03 5.02 20.03 9.57 100.65
5 64.74 4.74 19.75 9.51 98.74
6 65.05 4.77 19.99 9.53 99.34
7 65.48 4.65 20.69 9.58 100.40
8 65.35 4.97 19.99 9.75 100.06
9 66.02 4.86 20.20 9.68 100.76
10 65.64 4.80 20.32 9.70 100.46
11 65.48 4.82 19.73 9.81 99.84
12 65.20 4.83 19.38 9.95 99.36
13 65.14 4.70 20.17 9.73 99.74
14 65.92 4.81 20.27 9.74 100.74
15 65.73 5.00 19.96 9.65 100.34
16 65.79 4.64 20.72 9.68 100.83
17 66.49 4.13 20.53 9.43 100.58
18 64.40 4.87 20.38 9.96 99.61
average 65.49 4.82 20.16 9.66 100.13
),*85( 5.5HÀHFWDQFHVSHFWUDLQDLUIRUDOEXUQLWHSXW]LWH3DDUHWDO
DUJ\URGLWH&ULGGOHDQG6WDQOH\DQGFDQ¿HOGLWH&ULGGOH
DQG6WDQOH\
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FDUERQFRDWHGFRSSHUJULGV7KHVDPSOHVZHUHDQDO\]HGZLWKD
3KLOLSV&0WUDQVPLVVLRQHOHFWURQPLFURVFRSHRSHUDWHGDW
N9FDOLEUDWHGXVLQJDJROGVWDQGDUG7ZRJUDLQVRIWKHQHZSKDVH
ZHUH IRXQGDQGDQDO\]HGE\ VHOHFWHGDUHDHOHFWURQGLIIUDFWLRQ
7KHGLIIUDFWRJUDPVZHUHLQGH[HGIRUDFXELFSKDVHZLWKDODWWLFH
parameter of 10.4 tcXVLQJ-(06VRIWZDUH6WDGHOPDQQ
'XHWRWKHODUJHWKLFNQHVVRIWKHJUDLQVZHZHUHRQO\DEOHWR
REWDLQJRRG6$('SDWWHUQV)LJ7KH\FDQEHLQGH[HG
EDVHGRQDFXELFFHOO DQGDUHFRPSDWLEOHZLWKDQFFHQWHUHG
ODWWLFH6LPXODWLRQ-(06VRIWZDUH6WDGHOPDQQRI WKH
 GLIIUDFWLRQSDWWHUQXVLQJ WKHL SKDVH VWUXFWXUHZLWK WKH
FKDOFRJHQLGHGLVWULEXWLRQLQGLFDWHGDERYHUHSURGXFHGIRUVHYHUDO
WKLFNQHVVHV WKH FKDUDFWHULVWLF VTXDUHSDWWHUQZLWKZHDN 
UHIOHFWLRQV2WKHU FKDOFRJHQLGH GLVWULEXWLRQZHUH WHVWHG LH
VXOIXURQe2 or on 4dDQGRQHRIWKHeVLWHV1RQHRIWKHVH
GLVWULEXWLRQVJDYHWKHFKDUDFWHULVWLFZHDNLQWHQVLW\REVHUYHGIRU
the 2h2kUHIOHFWLRQV
3RZGHU;5'GDWDFRXOGQRWEHFROOHFWHGEXWDFDOFXODWHGGDWD
VHWLVJLYHQLQ7DEOH7KHSRZGHUSDWWHUQZDVFDOFXODWHGZLWK
WKHVRIWZDUH³&U\VWDOGLIIUDFW9´&U\VWDOPDNHU6RIWZDUHIRU
the LSKDVHVWUXFWXUHWDNLQJWKHDWRPLFFRRUGLQDWHVJLYHQE\3DDU
HWDOIRUSXW]LWHWKHaODWWLFHSDUDPHWHUGHWHUPLQHGIURP
WKH6$('SDWWHUQcZLWKWKHFKDOFRJHQLGHVGLVWULEXWHG
RQWR WKH IROORZLQJVLWHV7HRQd IXOORFFXSDWLRQDQGe2
RFFXSDWLRQDQGVXOIXURQe1IXOORFFXSDWLRQ7KHSHDN
SRVLWLRQVZHUHGHWHUPLQHGIRUPRQRFKURPDWLF&XKF1 radiation. 
3HDNLQWHQVLWLHVZHUHGHWHUPLQHGXVLQJVFDWWHULQJIDFWRUVJLYHQ
E\'R\OHDQG7XUQHU DQG WDNLQJ LQWRDFFRXQW/RUHQW]
SRODUL]DWLRQDQGUHIOHFWLRQPXOWLSOLFLW\
5(/$7,217227+(563(&,(6
$OEXUQLWHLVFRQVLGHUHGWREHSDUWRIWKHDUJ\URGLWHFDQILHOGLWH
VHULHV7KH VWRLFKLRPHWU\ RI WKH QHZPLQHUDO LV WKH VDPH DV
IRUWKHPLQHUDOVRIWKHDUJ\URGLWHJURXS6WUXQ]FODVVLILFDWLRQ
%$ZKLFKFRQWDLQVWKUHHPHPEHUVRQHZLWKRUWKRUKRP-
ELFV\PPHWU\DUJ\URGLWH$J8*H6RQHZLWKFXELFV\PPHWU\
SXW]LWH &X4.7$J3.388*H6 3DDU HW DO  DQGRQHZKRVH
VWUXFWXUHKDVQRWEHHQGHWHUPLQHGEXWLVXVXDOO\JLYHQDVRUWKR-
UKRPELF FDQILHOGLWH$J86Q65HFHQWO\ D IXUWKHU*HEHDULQJ
VXOIRVDOW UHODWHG WR WKH DUJ\URGLWH JURXS KDV EHHQ GHVFULEHG
SXW]LWH&X8*H6KDVDOVRDORZWUDQVIRUPDWLRQWHPSHUDWXUH
s&Gƍq L'LIIUDFWLRQGDWDIRUWKHQHZPLQHUDOFDQRQO\EH
LQGH[HGDVDFXELFSKDVHZKLFKPDNHVWKHLSKDVHVWUXFWXUHD
OLNHO\FDQGLGDWH
The LSKDVHVWUXFWXUHZ KDVWKUHHSDUWLDOO\ILOOHGPHWDO
SRVLWLRQVM:\FNRIISRVLWLRQVg, 48h1, 48h2RQHJHUPD-
QLXPSRVLWLRQbDQGSRVLWLRQVIRUWKHFKDOFRJHQLGHVWZR
RIWKHPFRPSOHWHO\ILOOHGde1DQGRQHZLWKDQRFFXSDQF\
RIe27KHe1SRVLWLRQFRQWDLQVWKXVRIWKHWRWDO
FKDOFRJHQLGHVLQ WKHIRUPXODXQLWDQGWKHWZRRWKHUVLWHVd
DQGe2DUHRFFXSLHGE\WKHUHPDLQLQJ7KHUDWLRRI
EHWZHHQWHOOXULXPDQGVXOIXULQWKHQHZPLQHUDOPD\UHIOHFWWKH
GLVWULEXWLRQRIWKHFKDOFRJHQLGHVDPRQJWKHWKUHHVLWHVLHWHO-
OXULXPRFFXS\LQJWKHe2 and 4dVLWHVDQGVXOIXUWKHe1 site.
Electron backscattered diffraction
7ZRRUHVDPSOHVZHUHGLDPRQGSROLVKHGDQGWKHQFKHPLFDOO\
PHFKDQLFDOO\ODSSHGZLWKDFROORLGDOVLOLFDVXVSHQVLRQQP
WRUHPRYHSROLVKLQJGDPDJH(%6'PHDVXUHPHQWVFDUULHGRXW
RQSROLVKHGVHFWLRQV&DQGDZHUHSHUIRUPHGXVLQJ
D)(,;/6LULRQ)(*6(0HTXLSSHGZLWKDQ('$;(%6'
2,0V\VWHPDQGD'LJL9LHZGHWHFWRUDQGXVLQJ'HOSKLVRIWZDUH
IRUGDWD LQWHUSUHWDWLRQ7KH VDPSOHVZHUH WLOWHGs from the 
KRUL]RQWDO6(0VWDJHSODQH7KHLQGH[LQJTXDOLW\LVJLYHQE\
WKHFRQILGHQFHLQGH[&,ZKLFKDOORZVWRGLVFULPLQDWHEHWZHHQ
GLIIHUHQWVROXWLRQVYDOXHVUDQJLQJEHWZHHQDQGVROXWLRQV&,
!DUHFRQVLGHUHGWREHUHOLDEOH0DXOHUHWDODQGWKHILW
IDFWRUZKLFKGHVFULEHVWKHDQJXODUGHYLDWLRQEHWZHHQFDOFXODWHG
DQGPHDVXUHG.LNXFKLOLQHVJRRGILWIRUGHYLDWLRQVs
3DWWHUQVRIWHWUDKHGULWHSUHVHQWLQWKHPDWUL[ZHUHFROOHFWHG
WRFDOLEUDWHWKH(%6'V\VWHP&DOLEUDWLRQVHWWLQJVZHUHYHULILHG
IRUVSKDOHULWHJDOHQDDQGUKRGRFKURVLWH$IWHUZDUGSDWWHUQV
IURPGLIIHUHQWDOEXUQLWHJUDLQVZHUHFROOHFWHG)LJ7KH
ORZWHPSHUDWXUHRUWKRUKRPELF VWUXFWXUHRI DUJ\URGLWHJDYHQR
PDWFKDWDOOEHWZHHQFDOFXODWHGDQGPHDVXUHGSDWWHUQV0DWFKLQJ
SDWWHUQVZHUHREWDLQHGIRUDOOSDWWHUQVXVLQJWKHLSKDVHVWUXFWXUH
Transmission electron microscopy
7HWUDKHGULWHJUDLQV WKHPDLQKRVWRI WKHQHZSKDVHZHUH
FUXVKHG LQ DPRUWDU DQG WKH UHVXOWLQJSRZGHUGHSRVLWHGRQWR
),*85( 6.([DPSOHRI(%6'SDWWHUQLQGH[DWLRQRIWKHSDWWHUQVLQGH[HGXVLQJWKHLSKDVHVWUXFWXUH7KHFRQ¿GHQFHLQGLFHVDQGWKH¿W
IDFWRUVDUHLQGLFDWHG
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IURP$UJHQWLQDFDWDPDUFDLWH&X*H:683XW]HWDO7KH
FKHPLFDOFRPSRVLWLRQRIWKHQHZPLQHUDOLVFORVHVWWRDUJ\URGLWH
ZKLFKKDV WZRRI WKH VL[ VXOIXUDWRPV UHSODFHGE\ WHOOXULXP
WKRXJKZLWKFXELFV\PPHWU\
7HOOXULXPDVPLQRU HOHPHQWZDV DOUHDG\ UHSRUWHG IRU GLI-
IHUHQW VSHFLHV RI WKH DUJ\URGLWHFDQILHOGLWH JURXS7HEHDULQJ
FDQILHOGLWHZDVILUVWUHSRUWHGE\+DUULVDQG2ZHQVIURP
5HYHOVWRNH&DQDGDZLWKWKHIROORZLQJFRPSRVLWLRQZW$J
6Q*H±7H6WRWDO
:LPPHUV  UHSRUWHG7HEHDULQJ FDQILHOGLWH IURP
3DQDVTXHLUD3RUWXJDOZLWKWKHIROORZLQJDYHUDJHFRPSRVLWLRQ
ZW$J6Q7H6&X)H
=QWRWDO
$7HEHDULQJVLOYHUJHUPDQLXPVXOIRVDOWIRXQGLQDVVRFLDWLRQ
ZLWKKHVVLWH$J$XWHOOXULGHVDOWDLWHDQGEDVHPHWDOVXOILGHV
WHWUDKHGULWH JDOHQD VSKDOHULWH FKDOFRS\ULWH HWFZDV ILUVW
PHQWLRQHGE\7ăPDúHWDOIURP5RúLD0RQWDQDEDVHG
RQ(30$GDWDEXWQRFU\VWDOORJUDSKLFGDWDZHUHGHWHUPLQHG
%DVHGRQWKHVROHFKHPLFDOGDWD&LREDQXHWDO%DLOO\
HWDODQG7ăPDúHWDOLQWHUSUHWHGWKLVPLQHUDO
DVD7HEHDULQJDUJ\URGLWH7ăPDúHWDOVXJJHVWHGWKH
H[LVWHQFH RI D SRVVLEOH VROLG VROXWLRQ EHWZHHQ$J8*H6 and 
$J8GeTeZKLFKLVNQRZQRQO\DVDV\QWKHWLFSKDVH%RXFKHU
HWDO7KH;5'GDWDREWDLQHGE\%RXFKHUHWDO
IRUV\QWKHWLFL$J8GeTeVSDFHJURXSF43m, a cZ
 DUHJLYHQLQ7DEOHIRUFRPSDULVRQ
*XHWDOUHSRUWHGDQHZPHPEHURIWKHDUJ\URGLWH
FDQILHOGLWHVHULHVZLWKRUWKRUKRPELFV\PPHWU\WHOOXURFDQILHOGLWH
$J86Q7H264IURP%DMLD]L3E=QRUHGHSRVLW-LDQFKDQJ&RXQW\
/LDRQLQJ3URYLQFH&KLQD$OWKRXJKLQLWLDOO\DSSURYHGE\,0$
&RPPLVVLRQRQ1HZ0LQHUDOV1RPHQFODWXUHDQG&ODVVLILFDWLRQ
DVWKHQHZPLQHUDO,0$WKLVDSSURYDOZDVVXEVHTXHQW-
O\ZLWKGUDZQ:LOOLDPVHWDOIROORZLQJDVLQJOHFU\VWDO
VWXG\RQ7HULFKFDQILHOGLWHIURP/HQJHQEDFKTXDUU\%LQQWDO
6ZLW]HUODQG%LQGLHWDO7KLVVWXG\LQGLFDWHGWKDWWKLV
SKDVHLVFXELFDQGQRWRUWKRUKRPELFDQGWKDW WKHGLVWULEXWLRQ
RIVXEVWLWXWHG7HDWRPVLVGLVRUGHUHGRYHUWKHWKUHHVXOIXUVLWHV
7KHSUREOHPLVWKDWWKHVWUXFWXUHRISXUHFDQILHOGLWHKDVQRWEHHQ
GHWHUPLQHGVRIDU ,W LVXVXDOO\JLYHQDVRUWKRUKRPELF,I WKLV
VKRXOGWXUQRXWWREHWUXHWKHVWUXFWXUDOUHODWLRQVKLSEHWZHHQ
WKHUHMHFWHG³WHOOXURFDQILHOGLWH´DQGFDQILHOGLWHPD\EHVLPLODU
WRWKHUHODWLRQVKLSEHWZHHQDOEXUQLWHDQGDUJ\URGLWHZKHUHWHO-
OXULXPVXEVWLWXWLQJ IRU VXOIXU VWDELOL]HV WKHFXELF VWUXFWXUH WR
ORZHUWHPSHUDWXUHV
),*85( 7.([SHULPHQWDO 6$('SDWWHUQ left DQG VLPXODWHG
GLIIUDFWLRQSDWWHUQrightWKLFNQHVVRIVOLFHQP7KHVLPXODWHG
GLIIUDFWLRQSDWWHUQZDVREWDLQHGXVLQJWKHFDOLEUDWLRQV/=FHQWHURI
/DXHFLUFOH]RQHD[LV>@WLOWDQJOHsDFFHOHUDWLRQYROWDJH
N9FDPHUDOHQJWKPP7KHVFDOHEDULVQPIRUHDFKLPDJH
TABLE 3.  Calculated powder XRD data for alburnite
h k l d Irel
1 1 1 6.004 67
0 0 2 5.200 3
0 2 2 3.677 11
1 1 3 3.136 48
2 2 2 3.002 100
0 0 4 2.600 26
1 3 3 2.386 2
0 2 4 2.326 11
2 2 4 2.123 33
1 1 5 2.002 61
0 4 4 1.838 76
1 3 5 1.758 9
0 0 6 1.733 3
0 2 6 1.644 12
3 3 5 1.586 8
2 2 6 1.568 8
4 4 4 1.501 12
1 1 7 1.456 6
0 4 6 1.442 1
2 4 6 1.390 1
1 3 7 1.354 6
0 0 8 1.300 6
3 3 7 1.271 3
0 2 8 1.261 3
0 6 6 1.226 7
1 5 7 1.201 6
2 6 6 1.193 12
0 4 8 1.163 9
1 1 9 1.142 7
2 4 8 1.135 1
4 6 6 1.109 5
Note: Bold numbers are seven strongest lines.
TABLE 4.  XRD data for synthetic L-Ag8GeTe6 at 
room temperature (Boucher et al. 1993)
h k l d  Irel
1 1 1 6.675 4
2 2 0 4.090 4
3 1 1 3.488 39
2 2 2 3.340 100
3 3 1 2.654 14
4 2 2 2.361 37
3 3 3 2.226 93
4 4 0 2.044 35
5 3 1 1.955 18
4 4 2 1.927 24
6 2 0 1.829 6
5 3 3 1.764 14
6 2 2 1.744 13
5 5 1 1.620 8
6 4 2 1.545 2
5 5 3 1.506 11
8 0 0 1.446 17
7 3 3 1.413 1
8 2 2 1.363 4
5 5 5 1.336 9
6 6 2 1.327 11
8 4 0 1.293 2
7 5 3 1.270 10
6 6 4 1.233 3
9 3 1 1.213 5
8 4 4 1.180 10
7 5 5 1.162 2
8 6 2 1.134 2
7 7 3 1.118 4
6 6 6 1.113 7
9 5 3 1.079 1
7 7 5 1.043 2
9 5 5 1.010 4
10 6 2 0.977 5
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7KDQNVDUHGXHWR5RúLD0RQWDQD*ROG&RUSRUDWLRQ5RPDQLDIRUILHOGVXS-
SRUWDQGDFFHVVWRJHRORJLFDOGDWD0DQ\WKDQNVWR&ULVWRSK1HXUXUHU8QLYHUVLW\
RI)ULERXUJ6ZLW]HUODQGIRU(%6'SDWWHUQDFTXLVLWLRQDQGLQWHUSUHWDWLRQ(ULF
5HXVVHU(7+=XULFK6ZLW]HUODQGVXSSRUWHGXVZLWKWKHHOHFWURQSUREHPLFUR-
DQDO\VHV:HDFNQRZOHGJHWKHKLJKO\YDOXDEOHFRPPHQWVRI3:LOOLDPVDQGWKH
&101&PHPEHUVAmerican MineralogistUHYLHZHUV)ORUHQFLD0iUTXH]=DYDOtD
DQG1LJHO -&RRN DQG$VVRFLDWH(GLWRU)HUQDQGR&RORPERSURYLGHGKHOSIXO
FRPPHQWVDQGVXJJHVWLRQV
5()(5(1&(6&,7('
$QGURQHVFX$7KHGLVWULEXWLRQRIJHUPDQLXPLQYDULRXVRUHVIURP535
5HYLVWD0LQHORU;,,,±LQ5RPDQLDQ
%DLOO\/7ăPDú&*DQG0LQXĠ$7HULFKDUJ\URGLWHRFFXUUHQFHLQ
5RVLD0RQWDQDRUHGHSRVLW$SXVHQL0RXQWDLQV5RPDQLD&RPSWHV5HQGXV
*HRVFLHQFH±
%DURQ67ăPDú&*&DXXHW%DQG0XQR]0/HDGLVRWRSHVDQDO\VHV
RIJROG±VLOYHURUHVIURP5RúLD0RQWDQD5RPDQLD$ILUVWVWHSRIPHWDOSURY-
HQDQFHVWXG\RI5RPDQPLQLQJDFWLYLW\LQAlburnus Maior5RPDQ'DFLD
-RXUQDORI$UFKDHRORJLFDO6FLHQFHV±
%HQHD0DQG7ăPDú&*1HRJHQHYROFDQLFVLQWKH$SXVHQL0WVKLVWRUL-
FDOPLQLQJDQGJROGGHSRVLWV,0$)LHOGWULS*XLGH52$FWD0LQHUDORJLFD
3HWURJUDSKLFD8QLYHUVLW\RI6]HJHG+XQJDU\S
%LQGL/1HVWROD)*XDVWRQL$=RU]L)3HUX]]R/DQG5DEHU7
7HULFKFDQILHOGLWH$J86Q67HIURPWKH/HQJHQEDFKTXDUU\%LQQWDO&DQWRQ
9DODLV6ZLW]HUODQGRFFXUUHQFHGHVFULSWLRQDQGFU\VWDOVWUXFWXUH&DQDGLDQ
0LQHUDORJLVW±
%RXFKHU)(YDLQ0DQG%UHF5'LVWULEXWLRQDQGLRQLFGLIIXVLRQSDWK
of silver in L$J8GeTe$WHPSHUDWXUHGHSHQGHQWDQKDUPRQLFVLQJOHFU\VWDO
VWUXFWXUHVWXG\-RXUQDORI6ROLG6WDWH&KHPLVWU\±
&DXXHW%DQG7ăPDú&*$QWLTXHPLQLQJZRUNVIURP5RúLD0RQWDQD
5RPDQLD,QWHUPLQJOHGGDWDEHWZHHQDUFKDHRORJ\DQGJHRORJ\,Q$2UHMDV
DQG&5LFR(GV$QWLTXH0LQLQJDQG0HWDOOXUJ\9LVLRQVDQG UHYLVLRQV
7ULEXWHWR&ODXGH'RPHUJXHS±&ROOHFWLRQGHOD&DVDGH9HOi]TXH]
0DGULGLQ)UHQFK
&LREDQX&/&RRN1-7ăPDú&/HDU\60DQVNH62¶&RQQRU*DQG
0LQXĠ$7HOOXULGHJROGEDVHPHWDODVVRFLDWLRQVDW5RúLD0RQWDQD
WKHUROHRIKHVVLWHDVJROGFDUULHU,Q1-&RRNDQG&/&LREDQX(GV*ROG
VLOYHUWHOOXULGH GHSRVLWV RI WKH*ROGHQ4XDGULODWHUDO 6RXWK$SXVHQL0WV
5RPDQLD*XLGHERRNRI WKH,QWHUQDWLRQDO)LHOG:RUNVKRSRI ,*&3SURMHFW
S±7KH,QWHUQDWLRQDO$VVRFLDWLRQRQWKH*HQHVLVRI2UH'HSRVLWV
,$*2'*XLGHERRN6HULHV
&RRN1-&LREDQX&/3ULQJ$6NLQQHU:6KLPL]X0'DQ\XVKHYVN\/9
6DLQL(LGXNDW%DQG0HOFKHU)7UDFHDQGPLQRUHOHPHQWVLQVSKDOHU-
LWH$/$,&306VWXG\*HRFKLPLFDHW&RVPRFKLPLFD$FWD±
&ULGGOH$-DQG6WDQOH\&-7KHTXDQWLWDWLYHGDWDILOHIRURUHPLQHUDOV
RI WKH FRPPLVVLRQ RQ RUHPLFURVFRS\ RI WKH ,QWHUQDWLRQDO0LQHUDORJLFDO
$VVRFLDWLRQS$OGHQ3UHVV2[IRUG%ULWLVK0XVHXP1DWXUDO+LVWRU\
²²²7KHTXDQWLWDWLYHGDWDILOHIRURUHPLQHUDOV7KH&RPPLVVLRQRQ
2UH0LQHUDORJ\ ,QWHUQDWLRQDO0LQHUDORJLFDO$VVRFLDWLRQS&KDSPDQ
DQG+DOO/RQGRQ8.
'R\OH3$DQG7XUQHU365HODWLYLVWLFKDUWUHHIRFN;UD\DQGHOHFWURQ
VFDWWHULQJIDFWRUV$FWD&U\VWDOORJUDSKLFD$±
*KLĠXOHVFX73DQG6RFROHVFX0*HRORJLFDODQGPLQLQJVWXG\RI0HW-
DOLIHUL0RXQWDLQV*ROGHQ4XDGULODWHUDODQGVXUURXQGLQJDUHDV$QQXDLUHGH
O¶,QVWLWXW*pRORJLTXH5RXPDLQ;;,±LQ)UHQFK
*RURFKRY2&RPSRXQGV$J80;0 6L*H6QDQG; 66H7H
%XOOHWLQGHOD6RFLpWp&KLPLTXHGH)UDQFH±
*X;;LH;/X$+RVKLQR++XDQJ-DQG/L-7HOOXURFDQILHOG-
LWH,0$&101&1HZVOHWWHU-XQH0LQHUDORJLFDO
0DJD]LQH±
+DUULV'&DQG2ZHQV'5$WHOOXULXPEHDULQJFDQILHOGLWHIURP5HY-
HOVWRNH%&&DQDGLDQ0LQHUDORJLVW±
.DWW\$*RURFKRY2DQG/HWRIIH-05DGLRFU\VWDOORJUDSKLFDQGFD-
ORULPHWULFVWXG\RIWKHSKDVHWUDQVLWLRQVRI$J8GeTe-RXUQDORI6ROLG6WDWH
&KHPLVWU\±
/HDU\62¶&RQQRU*0LQXĠ$7ăPDú&*0DQVNH6DQG+RZLH.
7KH5RúLD0RQWDQDGHSRVLW,Q1-&RRNDQG&/&LREDQX(GV*ROG6LOYHU
7HOOXULGH'HSRVLWVRIWKH*ROGHQ4XDGULODWHUDO6RXWK$SXVHQL0WV5RPDQLD
JXLGHERRNRIWKH,QWHUQDWLRQDO)LHOG:RUNVKRSRI,*&3SURMHFW$OED,XOLD
5RPDQLDYROS±,$*2'*XLGHERRN6HULHV
0DQVNH6/+HGHQTXLVW-:2¶&RQQRU*7ăPDú&*&DXXHW%/HDU\6
DQG0LQXĠ$5RúLD0RQWDQD5RPDQLD(XURSH¶VODUJHVWJROGGHSRVLW
6RFLHW\RI(FRQRPLF*HRORJLVWV1HZVOHWWHU±
0kU]D,7ăPDú&*DQG*KHUJDUL//RZVXOILGDWLRQHSLWKHUPDOJROG
GHSRVLWV IURP5RúLD0RQWDQD0HWDOLIHUL0RXQWDLQV5RPDQLD 6WXGLL úL
&HUFHWăULGH*HRORJLH±
0DXOHU$%\VWULFN\0.XQ]H.DQG0DFNZHOO6-0LFURVWUXFWXUHV
DQGODWWLFHSUHIHUUHGRULHQWDWLRQVLQH[SHULPHQWDOO\GHIRUPHGFOLQRS\UR[HQH
DJJUHJDWHV-RXUQDORI6WUXFWXUDO*HRORJ\±
1HXEDXHU)/LSV$.RX]PDQRY./H[D-DQG,YăúFDQX36XE-
GXFWLRQ VODE GHWDFKPHQW DQGPLQHUDOL]DWLRQ WKH1HRJHQH LQ WKH$SXVHQL
0RXQWDLQVDQG&DUSDWKLDQV2UH*HRORJ\5HYLHZV±
3DDU:+5REHUWV$&%HUOHSVFK3$UPEUXVWHU77RSD'DQG=DJOHU*
3XW]LWH&X4.7$J3.388*H6DQHZPLQHUDOIURP&DSLOOLWDV&DWDPDUFD
$UJHQWLQD GHVFULSWLRQ DQG FU\VWDO VWUXFWXUH&DQDGLDQ0LQHUDORJLVW 
±
3RãHSQê)*HRORJLFDODQGPLQLQJDUFKDHRORJLFDOGHVFULSWLRQRIWKHPDS
RI5RúLD0RQWDQD JROGPLQLQJ GLVWULFW7UDQV\OYDQLD9HUKDQGOXQJHQ GHU
.DLVHUOLFK.|QLJOLFKHQ*HRORJLVFKHQ5HLFKVDQVWDOW±LQ*HUPDQ
3XW]+3DDU:+7RSD'0DNRYLFN\(DQG5REHUWV$&&DWDPD-
UFDLWH&X*H:68DQHZJHUPDQLXPVXOILGHPLQHUDOVSHFLHVIURP&DSLOOLWDV
&DWDPDUFD$UJHQWLQDGHVFULSWLRQSDUDJHQHVLVDQGFU\VWDOVWUXFWXUH&DQDGLDQ
0LQHUDORJLVW±
5RúX(3pFVND\=ùWHIDQ$3RSHVFX*3DQDLRWX&DQG3DQDLRWX&(
7KHHYROXWLRQRIWKH1HRJHQHYROFDQLVPLQWKH$SXVHQL0RXQWDLQV
5RPDQLDFRQVWUDLQWVIURPQHZ.$UGDWD*HRORJLFD&DUSDWLFD±
5RúX(8GXEDúD*3pFVND\=3DQDLRWX&DQG3DQDLRWX&(7LPLQJ
RI0LRFHQH4XDWHUQDU\PDJPDWLVPDQGPHWDOORJHQ\LQ WKH6RXWK$SXVHQL
0RXQWDLQV5RPDQLD,Q(5RúX(G*ROGLQWKH0HWDOLIHUL0RXQWDLQV±
5RPDQLDQ-RXUQDORI0LQHUDO'HSRVLWV6SHFLDO,VVXH
5RúX(6HJKHGL,'RZQHV+$OGHUWRQ'+06]DNiFV$3pFVND\=
3DQDLRWX&3DQDLRWX&(DQG1HGHOFX/([WHQVLRQUHODWHG0LR-
FHQHFDOFDONDOLQHPDJPDWLVPLQWKH$SXVHQL0RXQWDLQV5RPDQLDRULJLQRI
PDJPDV6FKZHL]HULVFKH0LQHUDORJLVFKHXQG3HWURJUDSKLVFKH0LWWHLOXQJHQ
84, 153–172.
6vQWLPEUHDQ$0LQLQJ0XVHXPIURP5RúLD0RQWDQDS6SRUW7XULVP
%XFXUHúWLLQ5RPDQLDQ
6RHGD$:DWDQDEH0+RVKLQR.DQG1DNDVKLPD. 0LQHUDORJ\
RI WHOOXULXPEHDULQJ FDQILHOGLWH IURP WKH7VXPRPLQH 6: -DSDQ DQG LWV
LPSOLFDWLRQVIRURUHJHQHVLV1HXHV-DKUEXFKIU0LQHUDORJLH$EKDQGOXQJHQ
150, 11–23.
6WDGHOPDQQ3$VRIWZDUHSDFNDJHIRUHOHFWURQGLIIUDFWLRQDQDO\VLVDQG
+5(0LPDJHVLPXODWLRQLQPDWHULDOVVFLHQFH8OWUDPLFURVFRS\±
7ăPDú&*%UHFFLDSLSHVWUXFWXUHVUHODWHGWRK\GURWKHUPDORUHGHSRVLWV
LQ5RPDQLD3K'WKHVLV8QLYHUVLW\%DEHú%RO\DL&OXM1DSRFD5RPDQLD
SLQ5RPDQLDQ
²²²(QGRJHQRXVEUHFFLDVWUXFWXUHVEUHFFLDSLSH±EUHFFLDG\NHDQGWKH
SHWURPHWDOORJHQ\RI5RúLD0RQWDQDRUHGHSRVLW0HWDOLIHUL0RXQWDLQV5RPD-
QLDSQGHGLWLRQ0HJD3XEOLVKLQJ+RXVH&OXM1DSRFDLQ5RPDQLDQ
7ăPDú&*DQG%DLOO\/)OXLGLQFOXVLRQVWXG\IRU5RúLD0RQWDQDRUH
GHSRVLW5RPDQLDQ-RXUQDORI0LQHUDO'HSRVLWV6XSSO±
²²²5RúLD0RQWDQDORZVXOILGDWLRQRUHGHSRVLW²HYLGHQFHIURPIOXLG
LQFOXVLRQVWXG\6WXGLD8QLYHUVLWDWLV%DEHú%RO\DL*HRORJLD;/,9±
7ăPDú&*%DLOO\/*KHUJDUL/2¶&RQQRU*DQG0LQXĠ$)LUVW
UHSRUWHGWHOOXULGHVRFFXUUHQFHLQ5RúLD0RQWDQD$SXVHQL0RXQWDLQV5RPDQLD
273. In 32nd,QWHUQDWLRQDO*HRORJLFDO&RQJUHVV)ORUHQFH,WDO\$XJXVW±
$EVWUDFW9ROXPH
²²²1HZRFFXUUHQFHRI WHOOXULGHVDQGDUJ\URGLWHDW5RúLD0RQWDQD
$SXVHQL0RXQWDLQV5RPDQLDDQGWKHLUPHWDOORJHQHWLFVLJQLILFDQFH&DQDGLDQ
0LQHUDORJLVW±
7ăPDú&*%DURQ 6 DQG&DXXHW% 0LQHUDORJ\ DQG OHDG LVRWRSH
VLJQDWXUHRIJROGVLOYHURUHVPLQHGGXULQJ5RPDQSHULRGLQAlburnus Maior
5RúLD0RQWDQD5RPDQLD$UFKHR6FLHQFHV±5HYXH G¶$UFKpRPpWULH 
±LQ)UHQFK
8\WHQERJDDUGW:DQG%XUNH($-7DEOHVIRU0LFURVFRSLF,GHQWLILFDWLRQ
RI2UH0LQHUDOVSQGUHYLVHGHGLWLRQ(OVHYLHU$PVWHUGDP
:LOOLDPV3$+DWHUW)3DVHUR0DQG0LOOV6-1HZPLQHUDOVDQG
QRPHQFODWXUHPRGLILFDWLRQ DSSURYHG LQ  ,0$&RPPLVVLRQ RQ1HZ
0LQHUDOV1RPHQFODWXUHDQG&ODVVLILFDWLRQ&101&1HZVOHWWHU0LQ-
HUDORJLFDO0DJD]LQH±
:LPPHUV'6LOYHUPLQHUDOVRI3DQDVTXHLUD3RUWXJDODQHZRFFXUUHQFH
RI7HEHDULQJFDQILHOGLWH0LQHUDORJLFDO0DJD]LQH±
8
ht
tp
://
do
c.
re
ro
.c
h
